This article offers a discussion of dialectics from a complexity perspective. Dialectics is a term much utilized but infrequently defined. This article suggests that a spectrum of ideas exist concerning understandings of dialectics. We are particularly critical of Hegelian dialectics which we see as anthropocentric and teleological.
Introduction
The purpose of this article is to query the status of dialectics. We write from a perspective informed by complexity thinking. We seek not to undermine dialectics, but rather to raise questions about dialectics that become apparent from a complexity perspective. In fact we see many parallels between dialectics and complexity. So we do not dismiss dialectics, but rather seek to expand upon the basis of dialectics. We see our critique as the basis of a friendly conversation rather than a denunciation. Engaging with complexity may enhance dialectics by providing a less restricted account of experience.
The article is divided into three sections. In the first we provide an account of our understanding of dialectics. A problem of providing any account of dialectics is that the term has been used in a variety of ways. As a result, to quote Ollman and Smith (2008, p. 4) 'practically every aspect of it is contested'. In a relatively short article it is not possible to do justice to the varieties of discussions of dialectics, and we would acknowledge at the outset that our account will be partial in more than one sense of the word: a full account of dialectics would involve writing several books; and any account will reflect the bias of the authors. Hence we do not claim to provide either a complete or an unbiased account of dialectics -but at least the reader will be provided with an outline of how we understand the term.
In the second part of the article we draw attention to the points of contact between complexity thinking and dialectics. There are a n um b e r o f f e a t u r e s o f d i a l e c t i c s t h a t w e w o u l d e n d o r s e . R e a l i t y i n d i a l e c t i c s i s s e e n a s i n a s t a t e o f p e r p e t u a l f l u x , a n d p a r t o f d i a l e c t i c a l a n a l y s i s i s t h e a t t em p t t o u n d e r s t a n d t h o s e p r o c e s s e s o f c h a n g e . F u r t h e rm o r e s e v e r a l a c c o u n t s o f d i a l e c t i c s i n d i c a t e t h a t i t p r o v i d e s a n a t t em p t t o g r a p p l e w i t h t h e e s s e n t i a l l y c h a o t i c f e a t u r e s o f t h e w o r l d .
T h i s i s a f e a t u r e t h a t t h e w r i t i n g s o f M a r x & E n g e l s w o u l d a p p e a r t o a c k n ow l e d g e , a n d h a s b e e n o n e o f t h e k e y p r e o c c u p a t i o n s o f c om p l e x i t y t h i n k i n g . T h e r e a r e , h ow e v e r , f e a t u r e s o f d i a l e c t i c s o f w h i c h w e a r e m o r e c r i t i c a l . W e p o i n t t o t h r e e a r e a s w h e r e c om p l e x i t y t h i n k i n g w o u l d h a v e p r o b l em s w i t h d i a l e c t i c s . F i r s t l y , m o s t a c c o u n t s o f H e g e l ' s v i ew o f d i a l e c t i c s d e p i c t h i s s y s t em a s t e l e o l o g i c a l . W h i l e m a n y s u b s e q u e n t a u t h o r s a r g u e t h a t t h e i r p e r s p e c t i v e s o n d i a l e c t i c s a r e n o n -t e l e o l o g i c a l , w e a r e s c e p t i c a l a b o u t w h e t h e r , g i v e n t h e H e g e l i a n i n f l u e n c e o n d i a l e c t i c a l t h i n k i n g , a l l t r a c e s o f t h e t e l e o l o g i c a l h e r i t a g e h a v e b e e n e r a d i c a t e d . S e c o n d l y , m o s t , a l t h o u g h a dm i t t e d l y n o t a l l , a c c o u n t s o f d i a l e c t i c s f o c u s o n t h e n o t i o n o f c o n t r a d i c t i o n a s t h e d r i v i n g f o r c e o f d i a l e c t i c a l p r o c e s s e s . W h i l e w e w o u l d n o t d e n y t h a t t h e r e a r e c o n t r a d i c t i o n s , n o r t h a t t h e s e g e n e r a t e c h a n g e , i t i s h e r e t h a t w e w o u l d m a k e t h e c l a im t h a t d i a l e c t i c s o n l y g i v e s u s a l im i t e d p e r s p e c t i v e . A g a i n w e n e e d t o c o n s i d e r w h a t i s m e a n t b y
c o n t r a d i c t i o n , h ow e v e r w e w o u l d a r g u e t h a t c h a n g e c a n a l s o o c c u r i n a n o n -c o n t r a d i c t o r y , c o -e v o l u t i o n a r y w a y . T h e em p h a s i s o n c o n t r a d i c t i o n p r o b a b l y r e s u l t s f r om t h e i n f l u e n c e o f a r e a d i n g o f
D a rw i n w h i c h s e e s e v o l u t i o n a r y c h a n g e a s a q u e s t i o n o f ' s u r v i v a l o f t h e f i t t e s t ' . W e w o u l d a r g u e t h a t t h i s i s a l im i t e d r e a d i n g o f D a rw i n , a n d w o u l d a l s o d r aw o n K r o p t k i n ' s w o r k o n m u t a l i t y . O u r f i n a l p o i n t o f c r i t i c i sm w o u l d b e t h a t m o s t d i s c u s s i o n s a n d a p p l i c a t i o n s o f d i a l e c t i c s
a r e i n h e r e n t l y a n t h r o p o c e n t r i c . T h i s m a y b e a n i n e v i t a b l e f e a t u r e o f d i a l e c t i c s -a n d c e r t a i n l y H e g e l i a n d i a l e c t i c s c o u l d o n l y b e a n t h r o p o c e n t r i c . A g a i n w e w o u l d a r g u e t h a t t h e r e s u l t o f t h i s a n t h r o p o c e n t r i sm i s t o p r o v i d e o n l y a l im i t e d ( t h a t i s , i n t e r -h um a n ) p e r c e p t i o n .
I n t h e t h i r d s e c t i o n w e m a k e s om e s u g g e s t i o n s a s t o h ow c om p l e x i t y t h i n k i n g c o u l d p o t e n t i a l l y p r o v i d e a m e a n s o f o v e r c om i n g s om e o f t h e i s s u e s r a i s e d i n t h i r d s e c t i o n . C om p l e x i t y t h i n k i n g i s a l s o h i g h l y c o n t e s t e d , a n d t h e v e r s i o n o f c om p l e x i t y t h a t w e a d v o c a t e d r aw s h e a v i l y o n t h e w o r k o f E d g a r M o r i n . I n t h i s s e c t i o n w e p o i n t t o f e a t u r e s o f c om p l e x i t y t h i n k i n g t h a t w e c o n s i d e r t o b e a b s e n t f r om d i a l e c t i c a l a p p r o a c h e s . I n p a r t i c u l a r w e w i l l d i s c u s s t h e c o -
e v o l u t i o n a r y c h a r a c t e r o f r e l a t i o n s b e tw e e n s y s t em s , f e e d b a c k l o o p s , a n d t h e p o s s i b i l i t y , d r aw i n g o n t h e w o r k o f G u n d e r s o n a n d H o l l i n g , o f a n a l y s i n g h um a n a n d n o n -h u m a n s y s t em s a s a w a y o f s u b v e r t i n g a n t h r o p o c e n t r i sm .
W e w i l l c o n c l u d e b y s t a t i n g t h e c omm i tm e n t o f o u r p a r t i c u l a r p r o j e c t , w h i c h w e h a v e c a l l e d p o s t h um a n i n t e r n a t i o n a l r e l a t i o n s , t o t h e s i g n i f i c a n c e o f e x p o s i n g f o rm s o f e x c l u s i o n b o t h w i t h i n t h e s o c i a l w or l d a n d i n h um a n n o n -h um a n i n t e r a c t i o n s . W h i l e w e o f f e r a c r i t i q u e o f c e r t a i n e l em e n t s o f d i a l e c t i c s w e s u p p o r t t h e em a n c i p a t o r y p r o j e c t s t h a t m o t i v a t e m a n y o f t h o s e w h o a d h e r e t o d i a l e c t i c a l a p p r o a c h e s .
The Essential Elements of Dialectics
For Allen Wood (1993, p. 416) , 'the dialectic treats the world as a complex of processes rather than things, reveals everything as shot through with tensions and contradictions demanding resolution and hence to be transitory, and involved in an inevitably progressive process of development'. This definition provides an overview of several features that we examine in this section. These are the analysis of reality as a totality, the centrality of change, the importance of contradiction, the use of abstraction, and the centrality of immanence.
Change
That the world is in a constant state of flux is a central idea within dialectical approaches. At one level this might not seem to be a particularly radical claim, as we are constantly aware of changes around us. However, as Bill (2008, p. 133) points out 'most people have great difficulty grasping the reality of change… this is largely the result of operating with a conception of human nature that views people as fixed in space'. To counter such a view raises serious epistemological questions. A key element of positivist approaches is that the world is made up of regularities and continuities. We know about the world because we are able to observe its regularities, and when certain events occur (for example, the breakdown of the balance o f p ow e r ) w e c a n e x p e c t c e r t a i n o u t c om e s ( c o n f l i c t ) . I n a w o r l d o f c o n s t a n t c h a n g e t h e s e r e g u l a r i t i e s d o n ' t e x i s t , a n d h e n c e d i a l e c t i c a l c l a im s a b o u t c h a n g e im p l y t h a t w e n e e d t o c o n s i d e r o t h e r m e t h o d o l o g i e s f o r u n d e r s t a n d i n g t h e w o r l d . A c c o r d i n g t o R e e s ( 1 9 9 8 , p . 6 ) ' c h a n g e , d e v e l o pm e n t , i n s t a b i l i t y , o n t h e o t h e r h a n d , a r e t h e v e r y c o n d i t i o n s f o r w h i c h a d i a l e c t i c a l a p p r o a c h i s d e s i g n e d t o a c c o u n t ' , a n d t h i s p o i n t w a s em p h a s i z e d b y E n g e l s ( c i t e d i n R e e s , 1 9 9 8 , p . 6 ) w h e n h e n o t e d t h a t ' t h e w h o l e w o r l d , n a t u r a l , h i s t o r i c a l i n t e l l e c t u a l , i s r e p r e s e n t e d a s a p r o c e s s , i . e . , a s i n c o n s t a n t m o t i o n , c h a n g e , t r a n s f o rm a t i o n , d e v e l o pm e n t… . t h e h i s t o r y o f m a n k i n d n o l o n g e r a p p e a r e d a s a w i l d w h i r l o f s e n s e l e s s d e e d s o f v i o l e n c e… . b u t a s a p r o c e s s o f e v o l u t i o n o f m a n h im s e l f ' . I n o t h e r w o r d s , i n s t e a d o f t a k i n g t h i n g s a s t h e y a p p e a r a s p o s i t i v i s t a p p r o a c h e s im p l y , ' n o t h i n g c a n b e s e e n a s m e r e l y w h a t i t i s , o r a p p e a r s t o b e ' ( K o v e l , 2 0 0 8 , p . 2 3 9 ) .
T h e s e f o rm s o f c h a n g e a r e e v i d e n t a c r o s s a l l l e v e l s o f e x i s t e n c e f r om t h e m a t e r i a l t o l e v e l o f c o n s c i o u s n e s s . H e n c e f o r M a r x ( 1 9 7 6 [ 1 8 7 3 ] , p . 1 0 3 ) , t h e c e n t r a l f o c u s w a s o n t h e d e v e l o pm e n t o f t h e m a t e r i a l f o r c e s o f p r o d u c t i o n , w h i c h h a d a n im p a c t o n t h e c h a r a c t e r o f c o n s c i o u s n e s s . F o r H e g e l , b y c o n t r a s t , t h e h i s t o r i c a l p r o c e s s w a s o n e o f a n i n c r e a s i n g a l i g nm e n t b e tw e e n c o n s c i o u s n e s s a n d t h e m a t e r i a l w o r l d a s h um a n i t y m o v e d t ow a r d s a b s o l u t e k n ow l e d g e . T h i s w a s a r a t i o n a l p r o c e s s t h a t c o u l d b e u n d e r s t o o d s c i e n t i f i c a l l y , a s B u c hw a l t e r ( 2 0 1 2 , p . 5 ) n o t e s , 'H e g e l ' s p r a c t i c a l p h i l o s o p h y c u lm i n a t e s i n a t h e o r y o f w o r l d h i s t o r y u n d e r s t o o d a s p r o g r e s s i n t h e c o n s c i o u s n e s s a n d s e l f -c o n s c i o u s n e s s o f f r e e d om ' ( a l s o s e e R e e s , 1 9 9 8 , p . 4 1 ) . W h a t h a s perhaps not been fully resolved is whether this process of change is in some way teleological or purposeful. For Hegel it certainly was teleological -a process of moving towards absolute knowledge. Also noteworthy is that in the quote from Engels cited above, he talks of a process of 'evolution of man himself' -although we can't be sure that he used the term evolution in a directed sense in this instance.
Totality
In addition to the notion of constant change, a core element of dialectical thinking is the notion of the requirement to analyse a totality. As with the analysis of change, this provides another contrast with positivist accounts. Positivism suggests that the world can be separated into distinct parts that can then be analysed separately.
Such an approach is often described as reductionist -the view that analysis can proceed from examining one unit and then combining that with the analysis of a separate unit. The perception is that individuals are discrete units whose actions can be understood independently of a greater whole. The character of western academia with its division into separate disciplines of, for example, economics, politics and sociology, is premised on the notion that the social world can be carved up and examined in different sections. From a dialectical perspective this makes little sense, and reality has to be examined as a whole. This is because the parts cannot be seen as operating independently of the whole. Every unit is impacted by those a r o u n d i t a n d i s a f f e c t e d b y t h e s t r u c t u r e s t h a t t h o s e i n t e r a c t i o n s c om p r i s e . W h o l e s a n d p a r t s c r e a t e a w e b o f i n t e r a c t i o n s , w h i c h m e a n s t h a t t o l o o k a t o n e s im p l e p a r t w i l l m e a n o v e r l o o k i n g t h e i n f l u e n c e s o f t h e o t h e r p a r t s w i t h w h i c h a n y s i n g l e u n i t i n t e r a c t s , a n d c r u c i a l l y t h e t o t a l c o n t e x t i n w h i c h i n t e r a c t i o n s o c c u r . E x am i n i n g t h e t o t a l i t y ' f o r H e g e l , m e a n s g r a s p i n g t h e p a r t s a s m e d i a t e d a n d t r a n s f o rm e d b y t h e i r i n t e r p l a y w i t h t h e w h o l e , a n d e q u a l l y o f t h e w h o l e a s m e d i a t e d a n d t r a n s f o rm e d b y i t s i n t e r p l a y w i t h t h e p a r t s ' ( C r e a v a n , 2 0 0 7 , p . 7 3 ) . I n o t h e r w o r d s , i t i s n o t a c a s e o f j u s t e x am i n i n g t h e p a r t s a n d t h e w h o l e s , b u t o f u n d e r s t a n d i n g t h a t t h e r e i s a n i n t e r -r e l a t i o n s h i p b e tw e e n t h e p a r t s a n d w h o l e s s o t h a t b o t h h a v e a n i n f l u e n c e o n e a c h o t h e r . H e n c e f o r M a r x , t h e s o c i a l t o t a l i t y w a s t h e c a p i t a l i s t s y s t em ( J am e s o n , 2 0 0 8 , p . 1 2 5 ) a n d t h e i n t e r a c t i o n o f a n y p a r t o f t h e c a p i t a l i s t s y s t em c o u l d n o t b e c om p l e t e l y u n d e r s t o o d w i t h o u t t a k i n g t h e o v e r a l l c o n t e x t o f c a p i t a l i s t r e l a t i o n s i n t o a c c o u n t . L i k ew i s e t h e c a p i t a l i s t s y s t em c o u l d o n l y b e u n d e r s t o o d b y i n c l u d i n g a n a n a l y s i s o f t h e i n t e r a c t i o n s b e tw e e n i n d i v i d u a l c a p i t a l i s t s a n d p r o l e t a r i a t .
W h a t i s p o t e n t i a l l y m o r e o f a p r o b l em i s d e f i n i n g w h a t t h a t t o t a l i t y m i g h t b e . E x p a n d i n g t h e c o n c e p t o f t h e t o t a l i t y w o u l d c l e a r l y h a v e im p l i c a t i o n s f o r a n a l y s i s . I s t h e t o t a l i t y a p a r t i c u l a r s o c i e t y (w h i c h i s w h a t i t i s a p p a r e n t l y f o r H e g e l ) , o r i s i t t h e c a p i t a l i s t s y s t em (w h i c h i s w h a t t h e t o t a l u n i t o f a n a l y s i s a p p e a r s t o b e f o r M a r x ) ? C o u l d i t b e t h e t o t a l o f h um a n i t y , o r i s i t p o s s i b l e t o s e e t h e t o t a l i t y a s t h e i n t e r -r e l a t i o n s b e tw e e n s p e c i e s , o r t h e t o t a l i n t e r -r e l a t i o n s w i t h i n t h e b i o s p h e r e , o r p o t e n t i a l l y e v e n f u r t h e r ?
T h e r e q u i r em e n t s t o t a k e i n t o a c c o u n t t h e p r o c e s s e s o f c h a n g e a n d t h e n e e d t o a n a l y s e t h e s o c i a l w h o l e a s a t o t a l i t y a r e i n t e r c o n n e c t e d , a n d t o g e t h e r im p l y t h e n e e d f o r a f o rm o f a n a l y s i s t h a t d o e s n ' t p e r c e i v e t h e w o r l d o f i n d e p e n d e n t u n i t s w h o s e c e n t r a l c h a r a c t e r i s t i c i s t h e i r s t a b i l i t y . O l lm a n ( 1 9 9 3 , p . 1 1 ) s umm a r i s e s t h e c o n t r i b u t i o n t h a t d i a l e c t i c s c o n t r i b u t e s t o r e s o l v i n g t h i s p r o b l em ' b y e x p a n d i n g o u r n o t i o n o f a n y t h i n g t o i n c l u d e , a s a s p e c t s o f w h a t i t i s , b o t h t h e p r o c e s s b y w h i c h i t h a s b e c om e t h a t a n d t h e b r o a d e r i n t e r a c t i v e c o n t e x t i n w h i c h i t i s f o u n d . ' T h i s l e a d s t o a f u r t h e r tw o f e a t u r e s o f d i a l e c t i c a l a n a l y s i s .
C o n t r a d i c t i o n S o f a r w e h a v e s e e n t h e s i g n i f i c a n c e o f u n d e r s t a n d i n g t h e t o t a l i t y a s f a r a s a d i a l e c t i c a l a n a l y s i s i s c o n c e r n e d , a n d t h a t e v e r y t h i n g w i t h i n t h e t o t a l i t y i s i n a s t a t e o f f l u x . F o r d i a l e c t i c a l t h i n k i n g c o n t r a d i c t i o n i s t h e d r i v i n g f o r c e f o r t h i s c o n t i n u a l c h a n g e . F o r H e g e l ( c i t e d i n C r e a v a n , 2 0 0 7 , p . 7 5 ) , ' c o n t r a d i c t i o n i s a t t h e r o o t o f a l l m o v em e n t a n d l i f e , a n d i t i s o n l y i n s o f a r a s i t c o n t a i n s a c o n t r a d i c t i o n t h a t a n y t h i n g m o v e s a n d h a s im p u l s e a n d a c t i v i t y . ' U l t im a t e l y , i f w e w a n t t o u n d e r s t a n d t h e p r o c e s s e s o f c h a n g e t h e n w e n e e d t o u n d e r s t a n d t h e c o n t r a d i c t i o n s b e tw e e n d i f f e r e n t e l em e n t s . 
Abstraction
Confronted by a world of constant change, and by the need to analyse the world as a totality, the methodology adopted by Marx was one of abstraction. This approach is described by Smith (1993, p. 4) as 'systematic dialectics'. This comprises the analysis of 'a progression of categories that moves in a step by step fashion to progressively more advanced determinations' (Smith, 1993, p. 55) . This methodology comprises the focusing on those aspects most relevant for the subject of study.
F o r M a r x , i n a t t em p t i n g t o u n d e r s t a n d t h e c a p i t a l i s t s y s t em t h i s i n v o l v e d , i n t h e f i r s t i n s t a n c e d i s t i n g u i s h i n g b e tw e e n t h o s e f e a t u r e s o f
s o c i e t y t h a t w e r e imm e d i a t e l y r e l e v a n t , a n d t h o s e t h a t w e r e l e s s r e l e v a n t . A s O l lm a n ( 2 0 0 8 , p . 1 6 ) a r g u e s , ' b y s t a r t i n g w i t h t h e d e c i s i o n t o e x c l u d e a l l n o n -c a p i t a l i s t l e v e l s o f g e n e r a l i t y f r om h i s aw a r e n e s s…
M a r x a v o i d s t r i p p i n g o n w h a t h um a n s o c i e t y o r c l a s s h i s t o r y o r t h e
o t h e r l e v e l s m e n t i o n e d h a v e p l a c e d i n h i s w a y i n c a r r y i n g o u t h i s w o r k a s t h e s y s t em a t i z e r o f c a p i t a l i sm . ' A c c o r d i n g t o O l lm a n ( 2 0 0 8 , p . 1 6 -1 7 ) t h e f r e q u e n t c
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Emergence refers to the unpredictable character of features which appear at the system level. In complex adaptive systems it is argued that the features at the system level will not only be more than the sum of the parts, they will also not be predictable from looking at the parts of a system. Higher levels of a system are dependent on the parts but not reducible to them. For example, consciousness is seen as an emergent feature of the brain, the features of which couldn't be derived from simply looking at the physical elements of the brain.
Having laid out some elements of a complex approach, we now turn to thinking about the similarities and differences with dialectical thinking.
Points of Overlap
In this section we draw attention to two points of overlap between dialectic and complexity thinking, namely the analysis of a totality, and the centrality of change.
Both dialectical thinking and complexity thinking perceive the necessity of an analysis that includes an awareness of what might be called a totality. For both forms of analysis this is a reaction to what might be called positivist, scientific, or reductionist thinking. In other words, it is not possible to break the world up into discrete elements and analyse these separately. In this sense there are no discrete units, a n d a n y a t t em p t t o u n d e r s t a n d d i s c r e t e u n i t s w o u l d b e l im i t e d b e c a u s e o f a l a c k o f k n ow l e d g e a b o u t t h e c o n t e x t i n w h i c h t h e y o p e r a t e , a n d t h e im p a c t s o f t h e e n v i r o nm e n t i n w h i c h t h e y o p e r a t e . 
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t h e t o t a l i t y w a s n o t a lw a y s c l e a r . H ow e v e r f o r c om p l e x i t y t h i n k i n g i t i s a p p a r e n t t h a t b y t o t a l i t y i t r e a l l y i s t o t a l i t y t h a t i s m e a n t . T h e e n v i r o nm e n t f o r a n y o n e s y s t em i s m a d e u p o f a l l o t h e r s y s t em s , a n d c r u c i a l l y , d u e t o n o n -l i n e a r i t y , m i n o r h a p p e n i n g s e v e n i n d i s t a n t s y s t em s c a n m a j o r im p l i c a t i o n s . T h i s e x t e n d s b e y o n d t h e h um a n a n d s o c i a l w o r l d t o n o n -h um a n s y s t em s , b o t h a n im a t e a n d i n a n im a t e . W i t h i t s a n a l y s i s o f o v e r l a p p i n g a n d i n t e r s e c t e d s y s t em s c om p l e x i t y t h i n k i n g a l l ow s t h e p o s s i b i l i t y o f d e v e l o p i n g a n a n a l y s i s w h e r e t h e h um a n w o r l d i s p e r c e i v e d a s em b e d d e d w i t h i n n o n -h um a n s y s t em s o f v a r y i n g k i n d s . S o , f o r e x am p l e , t h e i n t e r -r e l a t i o n s b e tw e e n h um a n systems and climatic systems can be analysed as well as taking into consideration impacts that this has on other species. The implications of this are problematic for analysis in complex systems. An implication of the view that distant minor events can have major local impacts comes the awareness that, in a situation of almost infinite systems, that there is a large element of unpredictability. From an analytical point of view this is problematic, particularly if the criteria for the assessment of perspectives is their ability to predict. This is a point to which we will return later.
A second area with which there is considerable agreement between complexity and dialectical thinking is the condition of change. Both approaches see the world as being in a constant state of flux. As with the view of the necessity of considering the analytical totality, this can be seen as an explicit challenge to positivist thinking.
Rather than an expectation that it is possible to establish regularities, the understanding of both complex and dialectical thought is that there are unlikely to be regularities, or that any regularities are likely to be short lived.
The notion of change and the attempt to understand such a change is central to both complexity and dialectic approaches, and as we will see they have different ways of attempting to understand this change. The analysis of change relates to the analysis of the totality or system, and change can occur at any level. Both complexity and dialectical thought can be seen as historical approaches, attempting to understand how develops in the past generated the current day circumstances.
For both there is a view that the processes of change are neither smooth nor continuous. Hegel captured this notion with the view that there is a 'transformation of quantity into quality' -that small, perhaps imperceptible changes will at some point translate into a change of attributes. Complexity theorists describe this as a 'tipping point' or a 'phase change', referring to the point at which the characteristics of a system change undergo a radical transformation, or collapse. Such revolutions can be both sudden and unpredictable.
While there is an underlying expectation of the possibility of radical and unpredictable change to both forms of thinking, for complexity thinking the future would appear to be much more open than for dialectical thought. In the discussion of dialectics earlier, Ollman suggested that part of the methodology was to identify those elements of a socialist future that existed in present arrangements.
Complexity thinkers would certainly agree that the conditions for the future would be found in the present, but would be much more cautious about how those conditions could be pursued to encourage a more equitable future -while accepting that such a future is both possible and desirable. Here a central contribution of complexity thinking would be that in moving towards a sustainable and equitable future there is a need to take in and deal with a world of complexity. However it is an expectation of both that change is a central feature of existence.
Points of contention.
In this section we raise three points of contention between complexity and dialectical thinking: contradiction, teleology, and anthropocentrism.
As we saw earlier contradiction is at the heart of dialectical thinking, and this is a view that is supported by most commentators on this approach [but not all]. Complexity thinking would accept absolutely that there are contradictions in society, and also that there are multiple forms of social exclusion. A central element of Walby's (2009) work on globalization, for example has been to use complexity thinking to highlight multiple forms of social exclusion. The point that complexity thought would challenge is that this is the only way in which change and flux can be understood. Bunge (1979, p.125 ) for example, argues that the view that 'all change comes from the "contradiction" or "struggle"… is falsified by all the cases of
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n o t h a v e r e a c h e d t h e i r h i g h l e v e l o f d e v e l o pm e n t w i t h o u t a h i g h l e v e l o f c o -o p e r a t i o n , p a r t i c u l a r l y g i v e n
t h e i r v u l n e r a b i l i t y c om p a r e d t o o t h e r n o n -h um a n a n im a l s .
C om p l e x i t y t h i n k i n g u s u a l l y d e p i c t s t h i s a s t h e i d e a o f c oe v o l u t i o n . I n t e r a c t i o n s b e tw e e n c om p l e x a d a p t i v e s y s t em s c a n r e s u l t i n d y n am i c c h a n g e s i n b o t h w i t h o u t o n e b e i n g s u b s um e d i n t o t h e o t h e r . O n e e x am p l e o f s u c h a p r o c e s s r e l a t e d t o i n t e r a c t i o n s b e tw e e n a n im a t e a n d i n a n im a t e s y s t em s i s t h e r e c e n t r e s e a r c h t h a t s u g g e s t s t h a t t h e u s e o f t o o l s b y e a r l y h um a n s l e d t o i n c r e a s e s i n b r a i n s i z e s w h i c h i n t u r n l e d t o t h e d e v e l o pm e n t o f m o r e i n t r i c a t e t o o l s ( S p i e r,
2 0 1 0 , p . 1 2 1 ) . T h i s c o u l d b e s e e n a s a n o n -c o n t r a d i c t o r y r e l a t i o n s h i p b e tw e e n tw o s y s t em s w h i c h l e d t o a d e v e l o pm e n t o f b o t h . S im i l a r a r g um e n t s h a v e a l s o b e e n m a d e w i t h r e s p e c t t o t h e a n im a t e n o nh um a n w o r l d . H a r aw a y ' s w o r k o n h i s t o r i c a l l y e v o l v i n g r e l a t i o n s b e tw e e n h um a n s a n d d o g s , f o r e x am p l e , s u g g e s t s a h i s t o r y o f c od om e s t i c a t i o n (H a r aw a y , 2 0 0 3 ; 2 0 0 8 ) . T h e e v o l u t i o n o f h um a n l i f ew a y s a n d s u r v i v a l p r a c t i c e s ( e n s u r i n g s e c u r i t y f r om p r e
d a t i o n , o b t a i n i n g f o o d a n d s o o n ) h a v e b e e n s e e n a s a d e v e l o pm e n t o f c oe v o l u t i o n w i t h p a r t i c u l a r c a n i d s o c i a l s y s t em s ( s e e C l u t t o n -B r o c k , 1 9 8 1 , 1 9 9 5 ) . I n a d d i t i o n , i t m a y b e a r g u e d t h a t s u c h d e v e l o pm e n t s a r e
l e s s t r a i g h t f o rw a r d a n d t h a t i n t e r a c t i o n s b e tw e e n h um a n a n d n o nh um a n s o c i a l s y s t em s m i g h t b e c h a r a c t e r i s e d b o t h b y c o n t r a d i c t i o n ( i n t e rm s o f t h e p r e d om i n a n c e o f h um a n i n t e r e s t s i n e x p l o i t i n g t h e l a b o u r o f d o g s f o r s e c u r i t y a n d h u n t i n g ) , a n d c o -e v o l u t i o n ( a s c om p a n i o n s s p e c i e s s h a r i n g dw e l l i n g p l a c e s i n r e l a t i o n s o f r e c i p r o c i t y ) ( s e e C u dw o r t h , 2 0 1 0 , p . 1 5 2 -3 ) .
A s w e l l a s c o -e v o l u t i o n a f u r t h e r c o n c e p t t h a t i s u s e d w i t h i n c om p l e x i t y t h i n k i n g t o u n d e r s t a n d c h a n g e w i t h o u t c o n t r a d i c t i o n i s t h e i d e a o f f e e d b a c k . I n p a r t i c u l a r , p o s i t i v e f e e d b a c k -w h i c h t a k e s s y s t em s f u r t h e r aw a y f r om e q u i l i b r i um p o s i t i o n s , a s o p p o s e d t o n e g a t i v e f e e d b a c k w h i c h a c t s t o s t a b i l i s e s y s t em s -c a n r e s u l t i n s y s t em s t i p p i n g i n t o a d i f f e r e n t f o rm . F o r e x am p l e , t h e r e h a s b e e n m u c h r e c e n t c o n c e r n a b o u t p o s i t i v e f e e d b a c k l o o p s w i t h r e g a r d t o c l im a t e c h a n g e . T h e r e i s a c o n c e r n t h a t r i s i n g t em p e r a t u r e s d u e t o i n c r e a s e d l e v e l s o f c a r b o n d i o x i d e w i l l l e a d t o t h e t h aw i n g o f a r c t i c
t u n d r a r e l e a s i n g f u r t h e r g r e e n h o u s e g a s e s c a u s i n g f u r t h e r t em p e r a t u r e r i s e s (H e im a n n a n d R e i c h s t e i n , 2 0 0 8 ) .
W h i l e c om p l e x i t y t h i n k i n g d o e s n o t e x c l u d e t h e u s e o f c o n t r a d i c t i o n a s a f o rm o f a n a l y s i s , a n d w e w o u l d c e r t a i n l y a g r e e t h a t c a p i t a l i sm a s a c om p l e x a d a p t i v e s y s t em i s m i r e d i n c o n t r a d i c t i o n , o u r p o i n t i s t h a t t h i s i s n o t t h e o n l y w a y t o u n d e r s t a n d p r o c e s s e s o f c h a n g e . F o l l ow i n g K r o p o t k i n w e w o u l d a r g u e t h a t h um a n s o c i e t y h a s n o t s o l e l y d e v e l o p e d a s a r e s u l t o f t h e w o r k i n g o u t o f c o n t r a d i c t i o nt h e r e i s m u t u a l i t y a s w e l l a s c o -o p e r a t i o n . F u r t h e rm o r e c om p l e x i t y c o n c e p t s s u c h a s c o -e v o l u t i o n a n d f e e d b a c k c o n t r i b u t e w a y s o f a n a l y s i n g c h a n g e w h i c h i s n ' t a lw a y s o n t h e b a s i s o f c o n t r a d i c t i o n .
T h e s e c o n d a r e a w e w o u l d s e e a d i f f e r e n c e b e tw e e n c om p l e x i t y t h o u g h t a n d d i a l e c t i c s i s w i t h r e g a r d t o t e l e o l o g y . T h e r e c a n b e l i t t l e d o u b t t h a t H e g e l ' s d i a l e c t i c a l t h i n k i n g w a s t e l e o l o g i c a l , i n p a r t i c u l a r w i t h t h e n o t i o n o f a n ' e n d o f h i s t o r y ' , a n d a b s o l u t e s p i r i t . W e a r e p e r s u a d e d t h a t M a r x c a n c e r t a i n l y b e i n t e r p r e t e d i n a n o n -t e l e o l o g i c a l w a y . I t i s p e r h a p s w o r t h p o i n t i n g o u t h ow e v e r t h a t M a r x , i n l i n e w i t h m u c h n i n e t e e n t h c e n t u r y t h i n k i n g , d i d h a v e a s t a g e -i s t a n d p r o g r e s s i v e v i ew o f h i s t o r y . A d d i t i o n a l l y c e r t a i n f e a t u r e s o f c a p i t a l i sm a p p e a r t o b e r e g a r d e d a s h a v i n g q u a l i t i e s o f i n e v i t a b i l i t y .
Our concern, however, is that there is a teleological legacy from Hegel that dialectics finds hard to shake off. Titles of significant Marxist analyses of dialectics such as Rees' The Algebra of Revolution, and Ollman's Dance of the Dialectic suggest that there is rather more of a pattern to dialectical processes than complexity thinking would be comfortable with. Smith (1993, p. 92, emphasis added) Marxism by noting that 'we have learned at great social cost that nothing in evolution, whether social or biological, is inevitable: there are accidents of all kinds as well as unpredictable innovations.' Inherent in the complexity approach is a rejection of all 1 7 8 ) . I n a w o r l d o f n o n -l i n e a r r e l a t i o n s a n d m u l t i p l e o v e r -l a p p i n g a n d i n t e r s e c t e d s y s t em s i t i s t h e u n e x p e c t e d t h a t i s t o b e e x p e c t e d r a t h e r t h a n t h e a n t i c i p a t e d . A s E l l i o t t a n d K i e l ( 1 9 9 7 , p . 6 8 ) s u g g e s t , ' N o n l i n e a r d y n am i c s . . . l e a d u s t o q u e s t i o n t h e e x t e n t t o w h i c h w e m a y b e c a p a b l e o f b o t h p r e d i c t i o n a n d c o n t r o l i n s o c i a l a n d p o l i c y s y s t em s . ' F r om t h i s p e r s p e c t i v e t h e im p o r t a n t i s s u e i s t o d e a l w i t h l i v i n g w i t h c om p l e x i t y , a n d t h e n e e d t o t a k e t h i s i n t o a c c o u n t i n t h e c o n s i d e r a t i o n o f a l t e r n a t e f u t u r e s .
T h e f i n a l d i f f e r e n c e b e tw e e n d i a l e c t i c a l t h i n k i n g a n d c om p l e
x i t y a p p r o a c h e s i s t h a t t h e f o rm e r , i n c omm o n w i t h m u c h t h i n k i n g i n t h e s o c i a l s c i e n c e s , t e n d s t o t a k e a n a n t h r o p o c e n t r i c a p p r o a c h . W h i l e
c om p l e x i t y t h i n k i n g d o e s n o t n e c e s s a r i l y e s c a p e f r om a n t h r o p o c e n t r i sm , o u r p o s i t i o n i s t h a t , g i v e n t h e a n a l y s i s o f em b e d d e d a n d o v e r l a p p i n g s y s t em s , i t im p l i e s a n d a l l ow s f o r , t h e d e v e l o pm e n t o f n o n -a n t h r o p o c e n t r i sm ( C u dw o r t h & H o b d e n , 2 0 1 3 a ) . H e g e l ' s a n a l y s i s o f d i a l e c t i c s w a s c l e a r l y h um a n -c e n t e r e d , a n d f o c u s s e d a s w e s aw e a r l i e r o n t h e d e v e l o pm e n t o f h um a n c o n s c i o u s n e s s . H i s p h i l o s o p h y o f h i s t o r y w a s a c a n o n i c a l e x am p l e o f a h e g em o n i c c u l t u r a l m o d e l w h i c h b o u n d h um a n i sm t o a c o n c e p t i o n o f E u r o p e a n c i v i l i z a t i o n . T h i s , i n t u r n , w a s c o i n c i d e n t a l w i t h ' t h e u n i v e r s a l i z i n g p ow e r s o f s e l f -r e f l e c t i v e r e a s o n ' ( B r a i d o t t i , 2 0 1 3 , p . 1 3 ) . H ow e v e r , i f t h e n o n -h um a n w o r l d i s u n d e r s t o o d a s b o t h s e l f -o r g a n i s i n g a n d a s c o -e v o l v i n g ; a n d i f h um a n s a r e u n d e r s t o o d a s em b e d d e d i n a n d c o n s t i t u t i v e o f c o n f i g u r a t i o n s o f ' n a t u r e c u l t u r e ' (H a r aw a y , 1 9 9 7 ) ; t h e n H e g e l ' s m o d e l o f d i a l e c t i c s i s c e r t a i n l y a l im i t e d , p a r t i a l o n e , a n d v e r y m u c h a p r o j e c t o f E u r o p e a n l i b e r a l h um a n i sm ( s e e S p i v a k , 1 9 9 9 ) .
A s w i t h t h e q u e s t i o n o f t e l e o l o g y t h e r e i s m o r e d e b a t e o v e r w h a t m i g h t b e t e rm e d t h e ' n a t u r e ' q u e s t i o n i n M a r x ' s w o r k s -a n d t h e r e w o u l d c e r t a i n l y s e em t o b e i n d i c a t i o n s t h a t M a r x v i ew e d h um a n i t y a s p a r t o f n a t u r e . B y m o v i n g t h e f o c u s o f t h e d i a l e c t i c o n t o t h e m a t e r i a l w o u l d a l s o s u g g e s t t h e p o s s i b i l i t y o f o v e r c om i n g a h um a n / n o nh um a n n a t u r e d i v i d e . H ow e v e r M a r x w o u l d a p p e a r t o s h a r e , w i t h H e g e l , t h e v i ew t h a t a f e a t u r e t h a t d i s t i n g u i s h e s h um a n s a s a s p e c i e s w a s w o r k . A s S a y e r s ( 2 0 0 3 , p . 1 1 0 ) n o t e s 'w o r k i s a m o d e o f t h i s p r a c t i c a l b e i n g -f o r -s e l f a n d a m e a n s b y w h i c h i t d e v e l o p s . W o r k i n v o l v e s a b r e a k w i t h t h e a n im a l , imm e d i a t e , n a t u r a l r e l a t i o n s h i p t o n a t u r e . I n w o r k , t h e o b j e c t i s n o t imm e d i a t e l y c o n s um e d a n d a n n i h i l a t e d . G r a t i f i c a t i o n i s d e f e r r e d . T h e o b j e c t i s p r e s e r v e d , w o r k e d u p o n , f o rm e d a n d t r a n s f o rm e d . A n d , i n t h i s w a y , a d i s t i n c t i v e l y h um a n r e l a t i o n s h i p t o n a t u r e i s e s t a b l i s h e d . ' T h i s , t h e n , i s a p a r t i a l o n t o l o g y o f t h e m a t e r i a l . T h e r a n g e o f ( n ew ) m a t e r i a l i s t a p p r o a c h e s h a v e , d e s p i t e s i g n i f i c a n t d i f f e r e n c e s i n a p p r o a c h a n d f o c u s , s u g g e s t e d a m o r e r a d i c a l em b e d d i n g o f t h e h um a n a n im a l i n t h e m u l t i f a r i o u s r e l a t i o n a l s y s t em s a n d p r o c e s s e s o f t h e n o n -h um a n l i f ew o r l d ( s e e C o n n e l l e y , 2 0 1 3 ; C u dw o r t h a n d H o b d e n , 2 0 1 3 b ) . I n t h e p r o c e s s , s om e h a v e a r g u e d t h a t t h e d e v e l o pm e n t o f m o r e i n c l u s i v e m a t e r i a l i sm s i n v o l v e s t h e a b a n d o n i n g o f d i a l e c t i c s a s a m o d e o f a n a l y s i s h o p e l e s s l y m i r e d i n a n e x c l u s i v e f o rm o f h um a n i sm ( s e e f o r e x am p l e , B r a i d o t t i , 1 9 9 1 ) . P h e n g C h e a h ( 2 0 0 8 ) u s e s t h e p h r a s e ' n o n d i a l e c t i c a l m a t e r i a l i sm ' t o c o u n t e r p o s e t h e m a t e r i a l i sm o f M a r x w i t h t h a t o f D e l e u z e a n d D e r r i d a. H e c o n s i d e r s t h a t t h e p r o b l em w i t h t h e r e d u c t i o n o f t h e m a t e r i a l t o l a b o u r i s a m o r e g e n e r a l p r o b l em o f n e g a t i o n . I n s u g g e s t i n g t h a t h um a n b e i n g s i n d i r e c t l y p r o d u c e a c t u a l m a t e r i a l l i f e w h e n w e p r o d u c e o u r m e a n s o f s u b s i s t e n c e t h r o u g h l a b o u r , M a r x im p l i e s t h a t m a t e r i a l r e a l i t y i s p r o d u c e d b y n e g a t i v i t y ( C h e a h , 2 0 0 8 , p . 1 4 4 ) . A m o v e aw a y f r om t h e p r im a c y o f n e g a t i o n , f o r C h e a h , i s t h e l i n c h p i n o f a n o n -d i a l e c t i c a l m a t e r i a l i sm . A s w e h a v e s u g g e s t e d a b o v e h ow e v e r , i t i s n o t n e c e s s a r y t o a b a n d o n c o n t r a d i c t i o n e n t i r e l y w i t h t h e u s e o f c om p l e x i t y a n a l y t i c s . R a t h e r , m a t e r i a l c h a n g e m a y b e c h a r a c t e r i s e d b y m u t u a l i t y o r b y b o t h c o n t r a d i c t i o n a n d m u t u a l i t y ( a s i n t h e c a s e o f c om p a n i o n s p e c i e s c o -e v o l u t i o n ) .
W e w o u l d c o n c u r t h a t s u c h a f o c u s o n l a b o u r , a n d t h e
h um a n c e n t r i c p r o d u c t i o n o f t h e m a t e r i a l e n t i r e l y t h r o u g h n e g a t i o n i s p r o b l em a t i c , h ow e v e r . H e n c e , a s i s a l s o f r e q u e n t l y d i s c u s s e d , M a r x c e n t r e d h i s a n a l y s i s o n p r o d u c t i o n a n d o n t h e s o c i a l r e l a t i o n s t h a t s u r r o u n d t h i s -s o i t i s u n a v o i d a b l e w i t h t h i s a s a f o c u s t h a t t h e a p p r o a c h w o u l d b e h um a n c e n t r e d . M ar x ' s p e r s p e c t i v e o n l a b o u r , Sm i t h ( 2 0 0 1 , p . 8 7 ) a r g u e s ' l im i t s w h a t c a n a n d c a n ' t b e s a i d a b o u t n a t u r e a n d i t i s b e c a u s e o f t h i s em p h a s i s o n t h e d y n am i c s o f h um a n l a b o u r t h a t n a t u r e f i n d s i t s e l f m a r g i n a l i z e d i n s p i t e o f M a r x ' s m a t e r i a l i sm . ' T h u s n a t u r e ' s r o l e i n t h e p r o d u c t i o n p r o c e s s i s t o b e c o n s i s t e n t l y d om i n a t e d a n d s u b o r d i n a t e d b y h um a n a c t i v i t y , a s im p l i e d i n M a r x ' s ( c i t e d i n Sm i t h 2 0 0 1 , p . 8 8 ) s t a t em e n t t h a t ' t h e l a b o u r p r o c e s s i s a n a p p r o p r i a t i o n o f w h a t e x i s t s i n n a t u r e f o r t h e r e q u i r em e n t s o f m a n . ' N a t u r e , i n t h i s a c c o u n t w o u l d a p p e a r t o b e a r e s o u r c e t o b e d r aw n u p o n t o f u l f i l h um a n r e q u i r em e n t s .
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